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INTRODUCTION
In December 18, 2006, Time magazine printed a spe-
cial issue titled “How to Build a Student for the 21st
Century” [1]. It was declared that to be effective in the
21st century, students must think their way through
abstract problems, work in teams, distinguish good in-
formation from bad, and be multilingual and globally/
environmentally sensitive. In addition, they indicated
that a student must be a critical thinker, a problem
solver, an innovator, an effective communicator, an
effective collaborator, a self-directed learner, informa-
tion and media literate, globally aware, civically en-
gaged, and financially and economically literate. To
the average student, these are demanding attributes,
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Health care is fallible and prone to diagnostic and management errors. The major categories of
diagnostic errors include: (1) no-fault errors—the disease is present but not detected; (2) system
errors—a diagnosis is delayed or missed because of the imperfection in the health care system;
and (3) cognitive errors—a misdiagnosis from faulty data collection or interpretation, flawed rea-
soning, or incomplete knowledge. Approximately one third of patient problems are mismanaged
because of diagnostic errors. Part of the solution lies in improving the diagnostic skills and critical
thinking abilities of physicians as they progress through medical school and residency training.
However, this task is challenging since both medical problem-solving and the learning environ-
ments are complex and not easily understood. There are many interacting variables including the
motivation of the medical student (e.g. deep versus surface learning), the acquisition and evolu-
tion of declarative and conditional knowledge (e.g. reduced, dispersed, elaborated, scheme, and
scripted), problem-solving strategies (e.g. procedural knowledge—guessing, hypothetical deduc-
tive, scheme inductive, and pattern recognition), curricular models (e.g. apprenticeship, discipline-
based, body system-based, case-based, clinical presentation-based), teaching strategies (e.g. teaching
general to specific or specific to general), the presented learning opportunities (PBL versus scheme
inductive PBL), and the nature of the learning environment (e.g. modeling critical thinking and
expert problem-solving). This paper elaborates on how novices differ from experts and how
novices can be educated in a manner that enhances their level of expertise and diagnostic abilities
as they progress through several years of medical training.
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many of the characteristics of superman/superwoman;
yet, these are the same characteristics expected of
today’s medical student.
Definition of critical thinking
Critical thinking is a characteristic that dates back to
the days of Socrates (470–399 BC) [2]. The Socratic
method of teaching focuses on asking the learner
thought-provoking questions. Through the question
and answer procedure, the teacher guides the learner
through critical thinking—allowing the learner to ex-
amine their beliefs and biases for the purpose of en-
hancing understanding and problem-solving. The
following dialogue illustrates the Socratic method of
teaching on critical thinking:
Learner: Why is the sky blue?
Teacher: That’s an interesting question! Why do you
think it is blue?
Learner: I do not know, can you tell me?
Teacher: I would like to hear what your thoughts are.
Please give me a possible reason.
Learner: OK, because there is something in the sky.
Teacher: You are correct, what is in the sky? Tell me
what you see.
Learner: Well, I see clouds and the sun’s rays.
Teacher: That is very good. What else is in the sky?
Learner: I do not see anything else.
Teacher: You’re correct. There is something else in the
sky that is not visible.
Learner: Oh, yes, there is the air that we breathe?
Teacher: {Summarizing the learner’s extrapolation}.
Yes, there is air, clouds, and sunlight.
These are the elements that cause the sky
to be blue.
Learner: {Not seeing the cause-effect relationship,
asks for further explanation}.
Yes, but how does air, clouds, and
sunlight create a blue sky?
Teacher: What causes clouds to be formed?
Learner: Moisture.
Teacher: That is correct. What happens when sunlight
strikes a prism?
Learner: The sunlight is divided into different colors.
Teacher: That is excellent. Now do you understand
why the sky is blue?
Learner: Because air and moisture act like a prism
to refract the blue component of sunlight.
Learner: {Confidence created and curiosity peaked}.
What would happen if there was no
moisture in the air?
Teacher: Excellent question. Is it possible to have air
without moisture?
The skilled teacher, though proper questioning, guides
the learner’s thoughts. This method is time-consuming
but has the advantage of assisting the learner in criti-
cally evaluating and restructuring their knowledge/
beliefs while building the learner’s confidence and
curiosity—elements essential to becoming a critical
thinker. Critical thinking can only occur if the learner
is motivated and challenged to engage in higher-level
thought processes [3].
Critical thinking, commonly referred to as rational/
logical thought, has its birthplace in philosophy. Thus,
critical thinking is a cognitive skill that can be taught
and learned. It is assumed that critical thinkers make
better decisions, are better problem solvers, and are
professionally more competent.
The definition of critical thinking generally has
three components: (1) process—actively and skillfully
conceptualizes, applies, analyzes, synthesizes, and/or
evaluates information/knowledge; (2) method—by
observing, experiencing, reflecting, reasoning, or com-
municating; and (3) purpose—for knowledge acqui-
sition and action. Another broader definition of critical
thinking is “the art of analyzing and evaluating think-
ing with a view to improve it” [4]. Within the medical
profession, the latter broader definition makes a great
deal of sense. It appears prudent to study the thinking
processes/strategies used by experts so that they can
be taught to students. Currently, a great deal is known
about experts’ knowledge structures and thinking
strategies, making this information extremely valu-
able in structuring medical curricula and developing
individual courses.
It is believed that a critical thinker goes through 
a series of cognitive steps [5]:
1. gathers information from all senses, verbal and/
or written expressions, reflection, observation,
experience and reasoning;
2. raises vital, clearly defined questions and prob-
lems;
3. gathers and assesses relevant information;
4. uses abstract ideas that are interpreted and used
effectively;
5. comes to well-reasoned conclusions and solutions;
6. tests outcomes against relevant criteria and 
standards;
7. uses alternative thought strategies according to
task/needs;
8. evaluates all assumptions, implications, and prac-
tical consequences; and
9. communicates effectively with others in generat-
ing solutions to complex problems.
It would be extremely difficult to teach a learner how
to be a critical thinker by ensuring they undertake
each of the nine steps. Learning critical thinking skills
must be experiential with plenty of feedback. A more
appropriate teaching strategy would be to have the
learner solve problems, make decisions, or decide in
a reasonable and reflective way what to believe or
what to do. Success in developing critical thinking is
tied to successful learning. Thus, reading, writing,
speaking, and listening can all be done critically or
uncritically. Sumner and Folkways (1906) referred to
critical thinking as “a way of taking on the problems
of life” [6]. In other words, a critical thinker is a deep
thinker who has a curiosity about the world with a
quest for understanding how things work and how
systems can be improved. A critical thinker is a skep-
tic who must be convinced of the accuracy and validity
of the information/data before its use. Lastly, a critical
thinker takes the time and effort to learn from their
experiences. Reflection is an important component of
a critical thinker’s repertoire of tools. Identifying what
worked and what did not work is important to im-
provement of both knowledge and problem-solving
strategies. Confucius (1678) stated, “Study without re-
flection is a waste of time, yet reflection without study
is dangerous”. Thus, study and reflection in deep
learning goes hand in hand.
To develop critical thinking abilities, one must be
aware of the fallibility of our senses and possible mis-
interpretations of reality. Everyone has subconscious
biases and blind spots. A couple of examples:
Read the following sentence and count the num-
ber of “F”s while you read:
FINISHED FILES ARE THE RESULT OF YEARS
OF SCIENTIFIC STUDY COMBINED WITH THE
EXPERIENCE OF YEARS.
A. 3 B. 4 C. 5 D. 6 E. 7
(See Appendix A for correct answer.)
As we read, we often “speak” the words in our minds
and therefore do not “hear” all the “F”s.
In Figure 1, do you see the head of an old, bearded
soldier with his hand on his chest? Others will see an
old man with a cane and a woman holding a child.
Yet, others will see both. Which do you see first? Do
you have difficulty seeing both? Both of these exam-
ples illustrate the fallibility of our senses.
CURRENT TRENDS IN CRITICAL THINKING
The Critical Thinking Community is a foundation for
critical thinking established in the United States of
America [5]. The Center conducts advanced research
and assembles information on critical thinking. It is
well recognized that developing critical thinking skills
is a lifelong endeavor. They report having conducted
three studies that demonstrate that critical thinking 
is not presently being effectively taught at the high
school, college and university level; yet, it is possible to
do so. Many medical schools attempt to develop crit-
ical thinking skills in students through a single course:
(e.g. evidence-based medicine and research project).
Figure 1. Have a quick look at this picture. What do you see?
Critical thinking in medical education
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An excellent reference is Evidence-based Practice: Logic
and Critical Thinking and Medicine by Miloas Jenicek
and David L. Hitchcock (2005) [7]. But critical think-
ing is a habit that requires more than a single course
to develop. If critical thinking skills are underdevel-
oped in North American universities, is the problem
due to the learner, teacher, curricular models and/or
the learning environment?
Learner and type of learning
A learner will engage in two kinds of learning: deep
and surface [8]. Deep learning focuses on true un-
derstanding of reality, while surface learning focuses
on recall and superficial comprehension. Table 1 com-
pares and contrasts six aspects of deep and surface
learning.
Deep and surface learning is not a characteristic of
the learner. A student will have a preference for deep
or surface learning depending on the learning task. 
A learner will use both deep and surface within the
same courses. Learners tend to respond to the learn-
ing environment depending on the demands of the
task, time available, guidance provided, and learning
resources offered. All of these factors are under the
control of the teacher.
Teacher
As mentioned earlier, a great deal is known about
experts’ knowledge structures and thinking strate-
gies, making this information extremely valuable in
structuring medical curricula and developing better
individual courses. For example, Gilhooly [9] stated
that compared to novices (medical students), experts:
• remember better;
• work forward;
• have better problem representations;
• are superior in knowledge, not basic mental
capacities;
• become experts through extensive practice; and
• are critical thinkers in their area of specialty.
Experts have a body of knowledge, strategies, and
experiences accumulated over many years. Therefore,
an expert/physician may see a different world—one
that is not available to the novice. Describe what you
see in Figure 2.
Look carefully, do you see an animal? Yes, it is dif-
ficult. But if you go to Appendix B and then come
back, you will have no difficulty in seeing the details
within this picture. In other words, once you have had
the experience, you see details that others without
the experience cannot see. In summary, the worlds
and perceptions of experts and novices are very dif-
ferent. Experts as teachers must help the student to
acquire their organized knowledge, their problem-
solving strategies, their wisdom, and their compas-
sion to help patients with their disease. Experts must
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Figure 2. Look at this picture and describe what you see.
Table 1. Comparison of deep and surface learning
Deep learning Surface learning
Relates previous knowledge to new knowledge No special effort is made to add/compare new 
information to previous knowledge
Organizes and structures content into coherent whole Knowledge tends to be abundant but disorganized
Focuses on problem-solving (applying, analyzing, Focuses on memorizing (recalling)
synthesizing, evaluating)
Relates theoretical ideas to everyday experience Superficially learns concepts and facts (unreflectively)
Looks for evidence of truthfulness and Accepts information/data without question
soundness of information/data
Motivation and reward are internal, from within the student Motivation and reward are external (e.g. marks)
Critical thinking in medical education
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challenge students to think critically and model criti-
cal thinking skills. Unfortunately, some experts may
not be good role models (Figure 3).
It is important to remember that role model is a potent
teaching method since teachers do not teach by what
they say, but rather by who they are!
To become an expert, it is necessary to have a well-
defined/structured body of knowledge. Knowledge
is not a collection of facts, but rather an ongoing pro-
cess of examining information, evaluating that infor-
mation, adding to it and reorganizing it, in order to
solve a problem/make a diagnosis. Proper growth of
expertise necessitates critical thinking. Yet, Elstein 
et al found that excellence in problem-solving is both
content/knowledge dependent as well as process
dependent [10]. In other words, for each chief com-
plaint, there is a unique body of declarative and pro-
cedural knowledge. Thus, a physician’s performance in
one problem cannot predict performance in a new one
in a different domain. There is a high degree of con-
tent specificity that exists in solving medical problems.
Therefore, an expert diagnostician in headache will be
unable to equally solve a patient who presents with
chest pain. Charlin et al made an equivalent assertion
based on script theory [11]. We use goal-directed
knowledge structures that are adapted/structured to
perform specific tasks efficiently. There is a natural
progression in knowledge structures as a learner pro-
gresses from a novice to an intermediate to an expert.
Figure 4 illustrates this progression [12,13].
Evolution of knowledge structures
1. Reduced: The clinician has little knowledge about
disease names and their manifestations and resorts
to guessing when problem-solving.
2. Dispersed: The clinician knows the name of many
diseases, but few manifestations about each dis-
ease. Based on this limited amount of knowledge,
the person uses hypothetical deductive reasoning
when solving clinical problems.
3. Elaborated causal: The clinician has a rich knowl-
edge about diseases and their manifestations (de-
tailed cause-effect links exist in mind). This person
uses hypothetical deductive reasoning when solv-
ing clinical problems and is more likely to make
the correct diagnosis compared to students with
dispersed (limited) knowledge.
4. Scheme (abridged): The clinician has identified
the differentials of the clinical presentations (CP)
in one’s field of expertise. For each CP, he/she has
organized the differentials based on common attri-
butes (e.g. anatomy, physiology) into categories,
subcategories, disease classes and short lists of
cohort differentials in each class. Such a knowledge
structure is called a scheme. The learner at this
level has also identified a limited number of key
“Are you eating properly and getting plenty of exercise?”
Figure 3. A physician who is not a good model of a healthy life.
Reduced Dispersed Scheme ScriptsElaborated
causal
Guessing Hypothetical
deductive
Scheme
inductive
Pattern
recognition
Hypothetical
deductive
Novice Intermediate Expert
Increasing expertise
Figure 4. Evolution of knowledge structure from novice to resident to expert. (Extracted from the work by Bordage [12] and Schmidt
et al [13].)
predictors to discriminate categories in the scheme.
Thus, the reasoning strategy correspondent to this
level is called scheme induction. Clinical experts
usually reach this stage of knowledge structure and
clinical reasoning strategy after 10 years of prac-
tice. By making the scheme overt and having resi-
dents/students use it, there is evidence that their
diagnostic accuracy improves [14,15]. The person
who uses scheme inductive reasoning strategy is
efficient and highly likely to make the correct diag-
nosis (for further elaboration on scheme inductive
reasoning, see page 348).
5. Scripted: From numerous past exposures, the
learner has identified the most prevalent/impor-
tant differentials of the diseases in the scheme, en-
abling them to immediate recognize the disease.
Further investigations are primarily confirmatory.
This person will use pattern recognition strategy
with a high degree of accuracy of getting the 
correct diagnosis.
A primary objective in helping a novice become an
expert is to assist students with the evolution of
knowledge in order to permit them to use scheme
inductive or pattern recognition when solving clini-
cal problems.
The evolution of knowledge structure depends on
the curricular model used to organize student learning
experiences. In advanced educational experiences, the
basic and clinical sciences are meaningfully integrated
by students, the basic and clinical science knowledge
is organized specific to a clinical presentation/problem,
and finally there are ample opportunities for deliber-
ate practice in clinical problem-solving (diagnosis).
The advanced evolution of knowledge structures can
only occur through critical thinking. Patients who pres-
ent with difficult diagnostic problems are important
for guiding learning, restructuring of knowledge, and
enhancement of problem-solving skills.
Curricular models
Papa and Harasym summarized the evolution of five
curricular models developed in North America [16].
Each of these models is represented by its starting
date. No end dates are provided since many of the
models are still in use in some medical schools.
• 1765 – Apprenticeship-based
• 1871 – Discipline-based
• 1951 – System-based
• 1971 – Case-based (problem-based learning [PBL])
• 1991 – Clinical presentation-based
Each of the subsequent models was created by
retaining the positive aspect of the preceding model
while overcoming inherent weaknesses in the preced-
ing model. Curricular change is noted to occur more
rapidly: 106 years for the discipline-based model, 80
years for the system-based model, and 20 years each
for the case-based (PBL) and clinical presentation mod-
els. After the discipline-based model, medical educa-
tion research played an important role in shaping
subsequent models. Table 2 compares and contrasts
each of the curricular models on nine dimensions.
It is estimated that there is a drastic difference in the
number of diseases that students are exposed to within
each curricular model. For example, in the apprentice-
ship model, students would have been exposed to
50–75 diseases, in the discipline-based model 300–700
diseases, in the body system-based model 400–900
diseases, in the case-based model 150–450 diseases,
and in the clinical presentation-based model 3,000–
3,500 diseases. This discrepancy is important since
there are more than 11,000 known diseases. The clini-
cal presentation-based model is the only model that
attempts to comprehensively expose students to an
adequate representation of diseases.
Critical thinking was first emphasized within the
discipline-based model and retained as an important
aspect of problem-solving in subsequent models. It is
worthy to note that three models (discipline-based,
system-based, case-based) all teach students hypo-
thetical deductive reasoning while problem-solving.
Only the latest model, clinical presentation, demon-
strates and encourages students to engage in the ad-
vanced strategy of scheme inductive reasoning used
by experts.
There are four strategies used to solve clinical prob-
lems. Each is dependent on the evolution of knowledge
structure: guessing based on reduced knowledge; hy-
pothetical deductive (hypothesis to data—backward
reasoning) based on dispersed and elaborated knowl-
edge structures; scheme inductive (signs and symp-
toms to disease—forward reasoning) based on a
hierarchical knowledge structure; and pattern recog-
nition based on a scripted knowledge structure. Thus,
the clinical reasoning strategy used is dependent on the
knowledge structure available to the learner. Scheme
inductive reasoning only occurs when students’ knowl-
edge structure is highly organized. The difference
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between hypothetical deductive reasoning and scheme
inductive reasoning is illustrated below.
Hypothetical deductive reasoning
There are more than 4,500 different ungulates in the
world. An ungulate is a mammal having hooves. You
are asked to diagnose the following ungulate shown
in Figure 5.
I will assume that you are a novice and have not seen
this animal before. Thus, your knowledge of identify-
ing/classifying different ungulates would be limited.
So as a person with either reduced or dispersed knowl-
edge, you would be restricted to using either guessing
or hypothetical deductive reasoning. Hypothetical de-
ductive reasoning is characterized by the early gener-
ation of hypotheses (typically, 2–5 hypotheses are
Critical thinking in medical education
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Table 2. Comparison and contrast of the five curricular models developed in North America since 1765
Apprenticeship- Discipline- System-
Case-based
Clinical presentation-
based based based based
Organization of Around subject Around Around Around Around 120 clinical
course content (or patient) discipline organ systems clinical cases presentations
Controllers of Faculty/mentor Departments Topic committee Curriculum Curriculum 
content committee committee
Relation of Separated during Separated Interdigitated Integrated Integrated 50–50 
clinical to lecture; merged 50–50 within within context within context of 
basis sciences during observation context of of clinical problem-specific 
of mentor organ systems cases schemes
Organization of Around individual Around Around organ Around clinical Around presentation-
concepts courses (or patients) individual systems: problems as specific, expert-
disciplines definitions defined by derived schemes
of normal, the learner, 
abnormal; small groups,
patient; signs and tutors
and symptoms
Teaching Lecture (combined Lecture Primarily lecture, Emphasis on 50–50 lectures and 
method with observation some small small groups small groups
of mentor) groups
Exposure to Delayed during Delayed until Early but limited Early, single Early, multiple 
patients lecture but included clerkships exemplary cases exemplary cases
in clinical observation
Cognitive skills Memorizing Critical Problem- Problem- Problem-
emphasized thinking (HD) solving (HD) solving (HD) solving (SI)
Primary Lecture notes and Lecture notes Learning Learning Teaching and
learning textbooks and textbooks objectives objectives and learning objectives,
guides and textbooks clinical problems expert schemes
Problem- None in lectures; Hypothetical Hypothetical Hypothetical Scheme inductive
solving some in observation deductive deductive deductive
Figure 5. What is this creature that has large ears, no anthers,
black tip on tail, white rump, no patch on neck, is 1.1 m tall, and
has two hooves on each foot?
generated). Thus, you might consider elk, moose,
mule deer, caribou, or antelope. These hypotheses are
of the deer family. Each hypothesis drives further
enquiry and additional information is used to refute/
confirm that hypothesis. For example, let us start with
the classification (diagnosis) of elk.
• Distinguishing features (elk). Average length: male
2.5 m, female 2.13 m. Weight: male 240–440 kg,
female 165–265kg. Color: tawny brown in summer;
darker on face, belly, neck and legs; prominent
lighter patch on rump and buttocks; in winter,
darker brown head, neck, belly and legs, contrast-
ing with paler brown back and sides. Males have
long, dense mane. Large, widely branched antlers
protrude from large burrs high on the head. Each
antler is made up of a heavy beam with several
tines that sweep up and back from the head over
the shoulder. After matching the features on the
ungulate shown in Figure 5 to the distinguishing
features of an elk, it is safe to conclude that the
animal is not an elk.
Thus, we would proceed to the second most likely
hypothesis (diagnosis)—moose.
• Distinguishing features (moose). The largest mem-
ber of the deer family. Large drooping snout and 
a “bell” under the throat; short tail. Legs, long;
hooves, broad. Overall coloration, dark brown to
black, with grayish legs; lower belly and underside
of legs, whitish. Males have brownish foreheads
while females are more gray. Males have large,
broad antlers with prongs projecting from the mar-
gins. Females are somewhat smaller in size and
have no antlers.
Again, we could conclude that the ungulate in Figure 5
is not a moose and we would proceed to compare each
of the remaining distinguishing features of mule deer,
caribou and antelope with the present features (signs
and symptoms) of the ungulate in Figure 5.
As noted, hypothetical deductive reasoning is one
hypothesis being tested at a time. A comparison is
made between distinguishing and presenting features
in order to arrive at the correct classification (diagno-
sis). This strategy is generally referred to as backward
reasoning and is not the approach used by experts.
Scheme inductive reasoning
Scheme inductive reasoning is dependent on a well
organized hierarchical body of knowledge. The fol-
lowing is an example. Please proceed to classify the
ungulate shown in Figure 5 by using the scheme
shown in Figure 6. (For the correct answer of what
the ungulate is, see Appendix C.)
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Ungulate
Odd hoofed Even hoofed
No antlersAntlers
1 meter 1.5 meters > 2 meters
Height
Elk
Large white rump Moose
Non-white throat
White throat
Caribou
 
White-tailed deerMule deer
Small ears,
white tip on tail
Big ears,
black tip on tail
Figure 6. Example of a scheme inductive approach to diagnosing an antler-less ungulate. (based on the work of Michael Kerr 
“Wildlife Watching”.)
Experts move forward in problem-solving in a fash-
ion similar to that demonstrated above. This is only
possible because of the well organized body of knowl-
edge (scheme) for each chief complaint and the avail-
ability of key predictors that permit them to choose
one subcategory over another. The major difference 
is that there may be several diseases to choose from
when they reach the end of a scheme. Figure 7 shows
a scheme that most experts use when diagnosing pa-
tients with hypertension. Note the listing of several
diseases at the end of the hierarchical arrangement of
subcategories.
Scheme inductive reasoning is driven and depend-
ent on a well organized knowledge structure. The
knowledge structure is based on basic (e.g. anatomy
and/or pathophysiology) and clinical sciences. Scheme
inductive reasoning involves moving along branches
of the knowledge structure towards the diagnosis
(forward reasoning). Decisions at branch points are
justified by key predictors (critical signs and symp-
toms presented by the patient). A scheme inductive
diagnosis is arrived at efficiently and accurately.
There is a drastic difference in efficiency and accu-
racy depending on whether hypothetical deductive,
scheme inductive, or pattern recognition is used [14].
A study was undertaken to determine the relation-
ship between reasoning strategy used and likelihood
of diagnostic success. Twenty experts and 20 novices
each solved 12 cases (3 each of the clinical presenta-
tions of dysphagia, elevated liver enzymes, nausea and
vomiting, diarrhea). Each subject was asked to think
aloud as they solved the case and two independent
judges rated the reasoning strategy as hypothetical
deductive, scheme inductive, or pattern recognition.
Of course, experts significantly outperformed students.
In addition, performance was also dependent on the
difficulty of the cases within each clinical presentation.
But more importantly, it was found that students or
experts who used scheme inductive or pattern recog-
nition were five times more likely to get the correct
diagnosis compared to subjects who used hypothetical
deductive reasoning. It was concluded that an organ-
ized forward reasoning approach to problem-solving
(either scheme or pattern recognition) was superior to
an unorganized backward reasoning approach (hypo-
thetical deductive reasoning). McLaughlin et al com-
pared students with deep and surface knowledge
structures and found that students with a deep struc-
ture were 1.5 times more likely to make the correct
diagnosis [15]. In addition, students whose precep-
tors used schemes to problem solve were 1.4 times
more likely to get the correct diagnoses compared to
students whose preceptors did not use schemes.
LEARNING ENVIRONMENT
McMillen noted, “It really boils down to whether
teachers are creating an environment that stimulates
critical inquiry” [17]. There are multiple educational
Critical thinking in medical education
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Hypertension
True or mislabeledPrimary
Angiotension II
excess
Mineralocorticoid
excess
Renal parenchymal
disease
Catecholamine
excess
BP = C.O.
(volume dependent)
SVR
(vasoconstrictive)
Secondary
CRF, ARF
Transplant recipient
Transplant donor
Adrenal adenoma
Adrenal hyperplasia
Adrenal CA
Exogenous
Glucocorticoid suppressible
Renal artery stenosis
JG tumor
Pheochromocytoma
Drugs
Figure 7. Scheme for hypertension.
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strategies that teachers can use. For example, student
focused, active learning, type of assessment methods,
early patient exposure, integration of basic and clinical
sciences, learning objectives (terminal and enabling),
multiple learning methods, and general to specific
(broad picture first followed by details) or specific to
general (details presented first to create the broad
picture). Let us begin by closely examining the advan-
tages and disadvantages of teaching general to spe-
cific and its impact on critical thinking. Your task is to
assemble the jigsaw puzzle shown in Figure 8.
Note that the task is difficult, challenging, and
would require you to analyze each piece in order to
assemble (synthesize) it into a picture. However, the
task could be made easier by providing a picture of
the end results as in Figure 9.
The task has now been simplified but is still chal-
lenging. It still requires analysis of each piece and
placing it in the correct place. However, the task 
is easier since you know what the end result looks
like.
The case-based curricular model has the disad-
vantage of using PBL in which a single case is pre-
sented to students to solve. This task is equivalent to
putting together a jigsaw puzzle without the picture.
For example, it is expected that a student will learn
about the diseases of chest pain by problem-solving 
a case of angina (specific to general learning). Note
that PBL sessions are deemed to support students’
development of critical thinking skills—this is true,
but on closer scrutiny, there is something wrong! Let
me demonstrate what is wrong.
Examine the following images in Figure 10 and
identify the well known painting that they are taken
from.
For the answer, see Appendix D. Now that you
have seen the broad picture, identify the parts of the
painting that these images in Figure 11 come from.
Simplified, challenging, analyzing,
synthesizing (critical thinking)
General to specific
Figure 9. Jigsaw puzzle with a picture of the end result.
Difficult, challenging, analyzing,
synthesizing (critical thinking)
General to specific
Figure 8. Jigsaw puzzle without a picture of the end result.
Notice how much easier the task is when you see
the whole picture first. Seeing the broad picture facil-
itates learning of the parts. This is general to specific
learning. Unfortunately, traditional case-based cur-
riculum with PBL is specific to general learning. It is
extremely difficult, if not impossible, for students to
see the whole picture by examining one case at a time.
Kirschner et al detailed why problem-based/discovery
learning is less effective and less efficient than guided
learning (i.e. providing the broad picture first) [18].
However, PBL is an important instructional tech-
nique when used with an expert’s scheme and when
adequate guided learning is provided. By giving stu-
dents an expert’s scheme, they receive the broad pic-
ture, learning the diagnostic strategy of an expert
while advancing their knowledge structure. Problem-
solving strategies must be specific for each problem
and not based on the assumption of a universal generic
problem-solving process as used within the case-based
curricula (e.g. hypothetical deductive reasoning). Some
uniformed educators may assume that the scheme is a
prescriptive algorithm—nothing could be further from
the truth. A scheme is simply a “road map”/a learn-
ing tool that helps the learner to acquire both relevant
knowledge and problem-solving strategy unique to
the problem/chief complaint. For more details on
this approach, see the paper by Mandin et al [19].
The Medical Council of Canada has defined the
expectations of Canadian medical graduates accord-
ing to 120 clinical presentations. A partial list of 
chief complaints/clinical presentations is presented
in Appendix E. The entire list along with the terminal
and enabling objectives of each presentation is listed
on their website (http://www.mcc.ca/).
The World Health Organization is supporting a
project in Iran to develop curricular materials using
the clinical presentation-based curricular model. The
project is currently creating 10/120 modules for field
testing. Each module will contain 14 components:
logical development of scheme, an expert’s scheme,
matrix, terminal objectives, enabling objectives, basic
science content list, schedule, teaching materials (e.g.
PowerPoint slides), learning materials (e.g. reading
assignments), PBL cases, process worksheets for tutors
to guide small group PBL scheme-inductive sessions,
formative evaluations, summative evaluations, and
remedial intervention. The modules will be stored
electronically and made available to 48 publically
supported medical schools in Iran.
Figure 12 is an example of the logical development
of a scheme for the clinical presentation of infertility
developed by the study group at Yazd University of
Medical Sciences. The PowerPoint presentation iden-
tifies three major causes of infertility: ovulation dys-
function, fecundation pathway, and conception. These
major causes are the major branch points in an expert’s
scheme (Figure 13).
This broad picture is extremely helpful to students
in learning the relevant basic and clinical sciences and
in adopting the strategy used by experts that took
many years of experience to develop. Note, to prob-
lem solve using the hypothetical deductive method
as in traditional PBL, students test disease (listed at
the bottom) against the presenting features of the case.
This is known as backward reasoning (bottom-up
problem-solving) and it is nearly impossible to con-
struct the broad picture by examining one disease at
a time. As mentioned, this is equivalent to putting
together a jigsaw puzzle without the picture.
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A
B C
Figure 10. Images from a well known painting.
A B
C
Figure 11. Images from a well known painting.
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Hyperprolactinemia Pathway
anatomical
defect
Female genitalia movement/
mucosal secretion defect
Cellular
fecundation
Peritoneal
factor
*Endometriosis
*Asherman’s
  syndrome
UterineConception
Fecundation pathwayOvulation dysfunction
Unexplained
*Mullerian
 agenesis
*PID
*TB
Courtesy to the study group at Yazd Research and Clinical Center for Infertility, Yazd University of Medical Sciences, Iran:
1. Dr. Abbas Aflatoonian, 2. Dr. Ali Abdoli, 3. Dr. Mohammed H. Sheikhha, 4. Behnam B. Moghadam, 5. Parinaz Partovi,
6. Amir Neshati, 7. Atefeh Dehghani, 8. Dr. Payman Hemmati
Ovarian disorders
Hypothyroidism Hyperthyroidism
Premature ovarian
failure
Decreased ovarian
reserve PCO
Thyroid
dysfunction
Hypothalamus-
hypophysis axis
* Sheehan’s
 syndrome
* Micro/macro
 adenoma of
 hypophysis
Female infertility
Figure 12. Example of the logical development of a scheme for the clinical presentation of infertility developed by the study group at
Yazd University of Medical Sciences (YUMS).
Figure 13. The major causes in an expert’s scheme of female infertility. Note that ovulation dysfunction (outlined in ---) can be 
ruled out if the female has a normal menstrual cycle. The specific diseases are identified at the bottom of the scheme (outside the 
bottom boxes).
Schemes are advanced organizers. According to
Ausubel, advanced organizers serve three purposes
[20]:
1. they direct attention to what is important in the
coming material;
2. they highlight relationships among ideas that will
be presented; and
3. they remind the student of relevant information
already in memory.
We would contend that schemes do much more
since they also:
1. help the student learn knowledge relevant to the
solution of problems;
2. help the learner to organize their knowledge in a
manner that facilitates problem-solving;
3. help the student to identify key predictors that
distinguish one branching point from another; and
4. expedite the process of moving from a novice to
an expert.
Schemes are advanced organizers that assist 
students with the learning of relevant basic and clini-
cal science concepts and problem-solving strategies
within each clinical presentation. Refinement of a
student’s knowledge structure and the enhancement
of expert-like problem-solving can only occur through
critical thinking—putting together a problem-solving
approach that is rational and based on best evidence.
SUMMARY
The birth of critical thinking dates back to Socrates
and has its origin in philosophy. Critical thinking 
is a skill that can be learned. Critical thinking was
first emphasized in the discipline-based curriculum
model and has been extended through the remaining
three models (system-based, case-based, and clinical 
presentation-based). Research indicates that there is 
a lack of emphasis on developing students’ critical
thinking skills. One or two courses are inadequate 
to develop students’ critical thinking skills. Critical
thinking is a professional requirement for clinical
expertise. The problem-solving strategy that a physi-
cian uses is dependent on their knowledge structure.
The expert’s and novice’s world are very different;
thus, their perceptions and thinking strategies are dis-
similar. Clinical problem-solving is content-specific,
not generalizable from one clinical presentation to
another. Experts with highly organized knowledge
structures either use scheme inductive or pattern re-
cognition. The type of curricular model determines
the problem-solving strategy students are taught.
Physicians/students who use scheme inductive or
pattern recognition are five times more likely to make
the correct diagnosis than those who use hypotheti-
cal deductive reasoning. Basic scientists and clinicians
must model their critical thinking skills. There are
multiple strategies that can be used to enhance stu-
dents’ critical thinking skills. Most professors profess
(i.e. affirm, declare, claim, tell, lecture). Skilled teach-
ers educate (i.e. question, challenge, inspire, moti-
vate, solve problems, think critically). Do not profess,
but challenge your students to think critically! Finally,
help students to see the big picture and think like
experts.
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Appendix E. Partial list of the Medical Council of Canada’s 120 clinical presentations.
120 CLINICAL PRESENTATIONS
• ABDOMINAL DISTENSION • ANTEPARTUM CARE
• ABDOMINAL INJURIES • ATTENTION DEFICIT DISORDER
• ABDOMINAL MASS • BITES, ANIMAL/INSECTS
• ABDOMINAL PAIN, ACUTE • BLEEDING TENDENCY/BRUISING
• ABDOMINAL PAIN, ANORECTAL • BLOOD FROM GI TRACT
• ABDOMINAL PAIN, CHILDREN • BLOOD IN SPUTUM
• ABDOMINAL PAIN, CHRONIC • BLOOD IN URINE (HEMATURIA)
• ACUTE DIARRHEA • BONE/JOINT INJURY
• ACUTE DYSPNEA • BREAST LUMP/SCREENING
• ACUTE RENAL FAILURE • BURNS
• ACUTE VISUAL DISTURBANCE/LOSS • CARDIAC ARREST
• ADRENAL MASS • CENTRAL NEUROPATHIC PAIN
• ADULT ABUSE/SPOUSE ABUSE • CHEST PAIN
• ADULT CONSTIPATION • CHEST INJURIES
• ALLERGIC REACTIONS • CHILD ABUSE
• ALOPECIA • CHILDHOOD COMMUNICABLE DISEASES
• AMBIGUOUS GENITALIA • CHRONIC DIARRHEA
• AMENORRHEA/OLIGOMENORRHEA • CHRONIC DYSPNEA
• ANAPHYLAXIS • CHRONIC RENAL FAILURE
• ANEMIA • CHRONIC VISUAL DISTURBANCE/LOSS
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